active whereas the vast majority is non-functional (cryptic). 11, 12 However, it is unclear, at present, how the coagulantly active TF differs from the cryptic form, or what mechanisms are involved in its activation. Earlier studies from our laboratory 13,14 and others [15] [16] [17] have suggested that whether TF is active or cryptic depends primarily on the availability of anionic phospholipids in the vicinity of TF on the outer cell surface membrane because increasing the cell surface anionic phospholipids by a variety of stimuli resulted in an increase in the active TF population. However, the mechanism through which the increased anionic phospholipids convert cryptic TF to active TF is not entirely clear. 12 In addition to anionic phospholipids, self-association of TF 18 and the association of TF with cholesterol and lipid rafts 19-21 were also shown to affect TF procoagulant activity.
Abstract
A majority of tissue factor (TF) on cell surfaces exists in a cryptic form i.e., coagulantly inactive while retaining its functionality in cell signaling. Recent studies have suggested that cryptic TF contains unpaired cysteine thiols and that activation involves the formation of the disulfide bond Cys186-Cys 209 (Chen et al., Biochemistry 45: 12020-12028, 2006 ) and that protein disulfide isomerase (PDI) regulates TF coagulant and signaling activities by targeting this disulfide bond (Ahamed et al., PNAS 103: 13932-13937, 2006 ). This study was carried out to investigate the validity of this novel concept. Although treatment of MDA 231 tumor cells, fibroblasts and stimulated endothelial cells with the oxidizing agent HgCl 2 markedly increased the cell surface TF coagulant activity, the increase is associated with increased anionic phospholipids at the cell surface. Annexin V, which binds to anionic phospholipids, attenuated the increased TF coagulant activity. Interestingly, treatment of cells with reducing agents also increased the cell surface TF activity. No evidence was found for either detectable expression of PDI at the cell surface or association of TF with PDI. Further, reduction of PDI with the gene silencing had no effect on either TF coagulant or cell signaling functions. Overall the present data undermine the recently proposed hypothesis that PDI-mediated disulfide exchange plays a role in regulating TF procoagulant and cell signaling functions.
Introduction
Tissue factor (TF) is a plasma membrane glycoprotein that activates coagulation factor VIIa (VIIa) allosterically when it binds to it. The formation of TF-VIIa complexes on cell surfaces triggers both the coagulation cascade 1,2 and cell signaling. 3, 4 While TF is not typically expressed in cells that come in contact with blood, monocytes and endothelial cells can both express TF in response to pathological stimuli. [5] [6] [7] TF is constitutively expressed in many extravascular cells, including fibroblasts and pericytes found in and surrounding blood vessel walls, epithelial cells and tumor cells. [8] [9] [10] A number of studies have indicated that only a small fraction of the TF found on the cell surface is actually coagulantly present on cell surfaces. 27 Thus the hypothesis that disulfide isomerization plays a critical role in modulating TF coagulant and cell signaling functions and that such a mechanism could function as a general regulatory mechanism controlling TF function on various cell types remains equivocal.
The data presented here show that exposure of cells to an oxidizing agent results in increased cell surface TF coagulant activity but that this could stem from increased anionic phospholipids at the cell surface rather than from PDI-mediated disulfide bond formation in TF. No evidence was found for the presence of PDI at cell surfaces or for PDI association with TF. Attenuation of PDI expression had no effect on either the coagulant or signaling functions of TF on cell surfaces. These data raise a valid question whether disulfide switching by PDI plays any regulatory role in controlling the TF coagulant activity and signaling functions.
Materials and Methods

FACS analysis
FACS analysis was performed essentially as described earlier 33 with slight modifications. Briefly, monolayers cultured in T-25 flasks or 6-well plates were washed with phosphate buffered saline (PBS) and cells were detached from the dish by incubating them with 0.5 mM EDTA (versene solution) for 4 min at 37°C. Following two washes with PBS to remove any residual EDTA, cells were fixed in 2% paraformaldehyde for 30 min, washed with PBS and then permeabilized with 0.1% Triton X-100 in PBS for 5 min. Intact and permeabilized cells were placed in blocking buffer (5% goat serum in PBS) for 30 min. The cells were washed once with PBS and incubated with the requisite primary antibody (10 µg/ml) in the blocking buffer for 60 min at 4°C. Two additional washes were performed to remove any residual antibody and then the cells were incubated with FITC-conjugated secondary antibody for 30 min at 4°C in the dark. Finally, the cells were washed, refixed in 2% paraformaldehyde and analyzed using a FACSCalibur (Becton and Dickinson) flow cytometer.
Cell surface biotinylation and labeling of free thiols
Cell surface biotinylation was performed essentially as described earlier 34 with slight modifications.
Briefly, monolayers cultured in T-25 flasks were washed twice with PBS+ (PBS containing 0.25 mM MgSO 4 and 0.7 mM CaCl 2 ) and incubated in 0.5 mg/ml NHS-SS-biotin (Pierce) in PBS+ for 30 min on ice. The biotinylation reaction was terminated by removing the biotin and washing the monolayers twice with PBS, followed by a 5-min incubation with 50 mM glycine on ice. To label free thiols, monolayers were incubated with 1 mM 3-(N-maleimidylpropionyl)-biocytin (MPB) for 5 min in Hepes buffer containing 13 mM CaCl 2 . The cells were washed twice with the Hepes buffer, and the residual unreacted MPB was quenched with 200 µM glutathione for 30 min at RT.
Immunoprecipitation and western blotting
Immunoprecipitation and western blotting were performed essentially as described earlier. 34 Biotinlabeled cells were solubilized in the Hepes buffer containing 25 mM octylglucopyranoside or 1% Triton X-100 supplemented with cocktail of protease inhibitors, and the cell lysates were incubated overnight at 4 0 C with Affi-Gel coupled with anti-TF IgG or streptavidin-agarose beads. Following the removal of the unbound material, the beads were washed 3 times, and the bound material was eluted with 50 µL SDS-PAGE sample buffer. Eluted samples were subjected to SDS-PAGE, followed by immunoblot analysis with anti-biotin, anti-TF or anti-PDI antibodies.
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Immunofluorescence microscopy
Immunofluorescence microscopy and the subsequent imaging were performed essentially as described in our recent publications. 33, 34 The fixed cells, either nonpermeabilized or permeabilized with 0.1% Triton X-100, were stained with antibodies against TF or PDI, followed by Oregon Green or Rhodamine Red-conjugated secondary antibodies. The immunostained cells were viewed using a Nikon Eclipse TE2000-5 (Japan) microscope and images were acquired of a field of view at 2-µm Z-axis increments using an UltraVIEW LCI confocal system (Perkin Elmer) equipped with a digital CCD camera (Ultra Pix, Hamamatsu Photonics, Japan) with a resolution of 1344 x 1024 x 12. Perkin-Elmer's ImagingSuite™ (version 5.2) Acquisition & Processing Software was used for the acquisition of images and determining the co-localization (overlap of the green and the red fluorescence).
Data collection
All experiments were repeated 2 to 6 times. Data shown in the figures represent mean ± SEM or representative western or Northern blots.
Results
Effect of thiol-oxidizing and reducing reagents on TF activity
Increased cell surface TF activity in HL-60 cells following treatment with thiol-oxidizing agent, HgCl 2 , was used as supporting evidence for the theory that the TF allosteric disulfide was reduced in the cryptic form and that the formation of the disulfide bond converts cryptic TF to coagulantly active TF. 22 Consistent with this earlier published data, 22 treatment of MDA-MB-231 cells with varying concentrations of HgCl 2 (1 to 100 µM) increased the cell surface TF activity, in a concentration dependent manner, by 4 to 7-fold ( Fig. 1A) . To investigate the potential effect of HgCl 2 treatment on availability of anionic phospholipids at the cell surface, which would profoundly influence TF procoagulant activity, 11, 12, 35 we measured the effect of HgCl 2 treatment on prothrombinase activity. As shown in Fig. 1B , HgCl 2 treatment also increased the cell surface prothrombinase activity markedly.
Although the relative increase in the prothrombinase activity following the HgCl 2 treatment was somewhat lower than that was noted with TF activity, a three-fold increase in prothrombinase activity is highly significant. These data suggest that HgCl 2 treatment increased the exposure of anionic phospholipids at the cell surface. Next, to determine whether the increased availability of anionic phospholipids on the cell surface following the HgCl 2 treatment might have contributed to the increased TF activity, the HgCl 2 -treated MDA-MB-231 cells were exposed to annexin V, a phosphatidylserine binding protein that serves to reduce effectively the availability of anionic phospholipids, before the For personal use only. on October 31, 2017. by guest www.bloodjournal.org From addition of FVIIa and substrate factor X to measure TF activity. Annexin V markedly decreased the HgCl 2 -mediated increased TF activity (Fig. 1C ). A characteristic difference between cryptic TF and active TF is the rate at which FVIIa binds to TF. 13 Exposure of anionic phospholipids on the outer cell surface, which is known to facilitate the transition of cryptic TF to active TF, has been shown to increase the rate of FVIIa association to TF. 14 Consistent with our hypothesis that HgCl 2 treatment enhances anionic phospholipids at the cell surface, 125 I-FVIIa bound more rapidly to MDA 231 cells that were treated with HgCl 2 compared to control cells ( Fig. 1D ). However, as expected, at the end of 1 h incubation similar amount of 125 I-FVIIa was associated with both HgCl 2 -treated and control cells. More importantly, annexin V blocked the faster association of FVIIa to TF in cells treated with HgCl 2 but had no significant effect on FVIIa binding to cryptic TF. This data suggest that activation of TF associated with HgCl 2 treatment could be explained simply by an increased exposure of phosphatidylserine on the plasma membrane. However, these data alone do not eliminate a potential role of HgCl 2 -mediated TF allosteric disulfide bond in conversion of cryptic TF to the coagulantly active TF.
To investigate the possibility that cryptic TF has free thiols and the HgCl 2 treatment facilitated the formation of disulfide bond, we compared the labeling of TF in control and HgCl 2 -treated cells with membrane-impermeable biotin-linked MPB, which specifically alkylates thiols. We are unable to detect any incorporation of MPB into TF in either control or HgCl 2 -treated MDA 231 cells (data not shown). It is pertinent to note here that earlier studies also failed to show incorporation of MPB into TF in HL-60 22 and keratinocytes. 24 To address the question whether TF disulfide bond formation is essential for increased TF activity associated with HgCl 2 , we pretreated the cells with 5,5'-dithio-bis(2-nitronezoic acid) (DTNB), a sulfhydryl reagent that reacts with thiol groups and thus blocks disulfide switching, before they were exposed to HgCl 2 . Blocking the thiol group with DTNB had no effect on HgCl 2mediated increase in cell surface TF activity ( Fig. 1E ). If TF activation involved the formation of allosteric disulfide bond and the disulfide bond reduced form represents cryptic TF, then one would predict that reducing the disulfide bond with a reducing agent should diminish the TF activity at the cell surface. To test this, MDA-MB-231 cells were exposed to varying concentrations of reduced glutathione (GSH), a cell impermeable thiol-reducing agent. It is interesting to note that GSH treatment, rather than decreasing cell surface TF activity actually enhanced the activity (Fig. 1F ). It is important to note that these observations are not unique to MDA-MB-231 cells, but are also true in other cell model systems, such as fibroblasts and endothelial cells ( Fig. 2) . Moreover, we observed similar results in cells treated with dithiothreitol (DTT), a strong reducing agent widely used to quantitatively reduce disulfide bonds and maintain monothiols in a reduced state. Overall, this data raises serious doubt of For personal use only. on October 31, 2017. by guest www.bloodjournal.org From the validity of the recently proposed hypothesis that the Cys186-Cys209 disulfide bond is reduced in the cryptic form of TF and the activation involves formation of the disulfide bond. 22, 24 In addition to examining the effect of HgCl 2 on TF coagulant activity, we also investigated the effect of HgCl 2 on TF-FVIIa-induced cell signaling. HgCl 2 treatment, in a dose-dependent manner, inhibited TF-FVIIa-induced CCN1 and IL-8 gene expression. However, the inhibitory effect appears to be non-specific as HgCl 2 treatment was also found to inhibit PAR1 agonist peptide (AP), PAR2 AP and thrombin-induced gene expression in MDA 231 cells (data not shown).
No evidence for the presence of cell surface PDI or its association with TF. In addition to
hypothesizing that the surface-accessible Cys186-Cys209 disulfide bond of TF is critical for coagulation, it has been suggested that the disulfide bond reduced cryptic form of TF retains cell signaling activity, 24 and PDI, a protein disulfide isomerase, switches TF from coagulation to cell signaling. 24 To examine whether such mechanism was evident in our cell model systems, we first investigated whether MDA-MB-231 cells express PDI on the cell surface and, if so, whether it associates with TF. Immunofluorescence confocal microscopy studies with both monoclonal and polyclonal PDI antibodies revealed that MDA 231 cells express abundant PDI, but the PDI is exclusively localized inside the cell as the antibodies brightly stained permeabilized cells but no immunofluorescence staining was detectable with non-permeabilized cells (Fig. 3A) . In contrast to PDI antibodies, anti-TF antibodies intensely stained the cell surfaces of both non-permeabilized and permeabilized cells. Similar data was obtained with two other cell types that we examined, i.e., fibroblasts and stimulated endothelial cells (data not shown). It is interesting to note that intracellular PDI is prominently localized beneath the plasma membrane in the endoplasmic reticulum and not with TF ( Fig. 3A inserts) . This prompted us to examine whether the PDI would be externalized in response to proteases or the oxidizing agent, HgCl 2 , and found that treatment of MDA 231 cells with thrombin, Xa, plasmin, VIIa (10 nM each), PAR1 or PAR2 peptide agonists (50 µM) or HgCl 2 (50 µM) did not cause the externalization of PDI to the cell surface (data not shown). Consistent with immunofluorescence confocal microscopy data, no differences were found in fluorescence of nonpermeabilized cells stained with control IgG or PDI antibodies in FACS analysis (Fig. 3B ). In contrast, as expected, marked fluorescence shift was noted with PDI antibodies in permeabilized cells. As observed with confocal microscopy, no PDI was detected in FACS analysis of non-permeabilized cells even after the cells were exposed to various stimuli, i.e., HgCl 2, thrombin, VIIa or PAR activation peptides ( Fig. 3B ). To strengthen the conclusion that there was no PDI at the cell surface, we performed additional studies in which cell surface proteins were biotinylated with cell impermeable For personal use only. on October 31, 2017. by guest www.bloodjournal.org From NHS-S-S-biotin and the biotinylated proteins were absorbed on streptavidin beads, and the eluate was probed for the presence of PDI by immunoblotting. PDI antibodies stained prominently a band that corresponds to mol. wt. of PDI (64 kDa) in total cell extracts but not in the eluate of streptavidin beads ( Fig. 3C ). In additional studies, cell extracts were immunoprecipitated with anti-TF antibodies and the immunoprecipitates were probed for the presence of PDI by immunoblotting. No PDI was detectable in cell extracts that were immunoprecipitated with anti-TF antibodies (Fig. 4) . These data not only confirm the lack of PDI at the cell surface but also indicate that intracellular PDI does not associate with TF.
Similar data were obtained with fibroblasts (data not shown).
PDI neither regulates TF coagulant nor cell signaling activity
It has been suggested that PDI mediates the activating effect of HgCl 2 , and PDI-mediated disulfide isomerization of TF acts as a regulatory switch between direct TF-VIIa cell signaling and coagulant activity. 24 Our data presented here do not fit with this hypothesis. However, it is possible that undetectable amounts of PDI may be present on cell surfaces of MDA-MB-231 and the other cell types that we examined and that this PDI could possibly regulate TF coagulant and cell signaling functions. Therefore, we performed additional studies to investigate the effect of PDI on TF coagulant and cell signaling activities. First, we investigated the effect of anti-PDI antibodies on HgCl 2 -mediated increased TF coagulant activity. Anti-PDI antibodies failed to diminish the effect of HgCl 2 in increasing TF activity ( Fig. 5A) . In additional studies, we examined the effect of exogenously added recombinant PDI on TF coagulant activity and found that rPDI had no effect on TF activity (Fig. 5B ). Similarly PDI antibodies or exogenously added rPDI exhibited no effect on TF-VIIa-induced IL-8 gene expression ( Fig. 5C ). In contrast, TF antibodies fully attenuated TF-VIIa signaling. In additional studies, we used bacitracin, which is widely used to block cell-surface PDI function, to inhibit PDI. Bacitracin inhibited HgCl 2mediated increase in TF coagulant activity in MDA 231 cells and stimulated endothelial cells (data not shown). Bacitracin also inhibited TF-VIIa signaling in MDA 231 cells as reported earlier with keratinocytes 24 (data not shown). However, these data were difficult to interpret since bacitracin preparations, despite repurification to eliminate known protease contaminants, 29 either degraded or inhibited FVIIa's enzymatic activity. Therefore, we tried a better approach and used siRNA technology to knock down PDI expression. Since transient expression of PDI specific siRNA resulted in only a partial inhibition of PDI expression, we stably transfected MDA 231 cells with PDI specific shRNA.
Immunoblot and FACS analysis of cells transfected with PDI shRNA construct showed that PDI expression was markedly reduced (Fig. 6A and 6B ). Silencing PDI did not alter the level of TF expression at the cell surface (Fig. 6B ). More significantly, it had no measurable effect on the HgCl 2 -mediated increase in TF activity (Fig. 6D ). Similar to that observed with TF coagulant activity, PDI silencing had no significant effect of TF-VIIa-induced cell signaling (Fig. 6C ).
Discussion
Unperturbed cells, in general, express little TF coagulant activity despite the fact that many express TF constitutively on their cell surfaces to which FVII and FVIIa can readily bind. 11,12 This non-functional TF is often referred to as cryptic TF. Perturbation of cells with various stimuli -for example calcium ionophores, oxidizing agents, or those that induce apoptosis or cell lysis -transforms cryptic TF to coagulantly active TF. 12 Although most evidence suggests that an increase in the exposure of anionic phospholipids at the cell surface is responsible for this functional transformation of TF, 12, 14, 15, 17, 36 a number of reports have suggested that alternative, possibly phospholipid-independent, mechanisms may be responsible for this process. [17] [18] [19] [20] 22 Recently, it has been hypothesized that TF with the unpaired cysteine thiols constitutes the cryptic form of TF and activation involves the formation of the Cys186-Cys209 disulfide bond, which might be required to maintain the conformation needed for productive binding of substrates factors IX and X. 22 Further, it has been proposed that cryptic TF retains the signaling functions and that PDI controls the disulfide bond formation, thus regulating TF function between coagulation and signaling. 24 Although this proposed mechanism has been stated to play an important role in regulating TF activity post-translationally, 22, 24 the data presented herein fail to support the above concept unequivocally and raise serious reservations on the importance and validity of the proposed mechanism. 22, 24 The primary evidence for the postulate that activation of TF involves the disulfide bond formation of Cys186-Cys209 comes from two observations. First, that alanine substitution for Cys186 or Cys209 in the extracellular domain of TF markedly decreased TF-VIIa activation of factor X 24 and second that the thiol oxidizing agent HgCl 2 that can oxidize dithiols to disulfides increased the activity of endogenously expressed TF on cell surfaces. 22 Although substitution of alanine for Cys186 or Cys209 would result in breaking of the disulfide bond, there is no direct evidence that lack of disulfide bond and not other subtle changes associated with the alanine substitution at these positions is responsible for the loss of TF-VIIa coagulant activity. In this regard, it is important to note that TF-VIIa signaling appeared normal with C209A, but no signaling was detectable with the C186A TF mutant. 24 Consistent with the earlier data in HL-60 cells, 22 treatment of tumor cells, fibroblasts or stimulated HUVEC with the oxidizing agent HgCl 2 markedly increased TF-VIIa activation of factor X. A characteristic difference between cryptic TF and active TF is the rate to which VIIa binds, i.e., a slower rate of VIIa binding to cryptic TF and a much faster rate of VIIa binding to active TF. In agreement with this notion, activation of TF following HgCl 2 treatment increased the rate of VIIa binding to the cell surface TF. However, increased phosphatidylserine at the cell surface and not the disulfide bond formation is responsible for the increased TF activity. This conclusion is supported by the following observations: (i) HgCl 2 treatment increased the cell surface prothrombinase activity, which depends on PS levels at the cell surface; (ii) annexin V, a phosphatidylserine binding protein, not only inhibited the HgCl 2 -mediated increased TF-VIIa activation of factor X but also blocked the increased rate of VIIa binding to TF (iii) DTNB, a sulfhydryl agent that reacts with thiol groups and therefore prevent disulfide bond formation, failed to attenuate HgCl 2 -induced TF activation; (iv) treatment of cells with glutathione, a cell impermeable reducing agent or DTT, a strong thiol-stabilizing reducing agent, also increased the cell surface TF-VIIa activity. Here, it may be pertinent to note that the increased TF activity associated with these treatments was also inhibited by annexin V (data not shown). As reported in the earlier study with HL-60 cells, 22 we were unable to detect the incorporation of biotin linked MPB, the agent that specifically alkylates thiols, in TF on cell surfaces of MDA 231 cells and fibroblasts. Therefore, we were unable to confirm the status of free thiols and disulfide bonds in TF on control cells and cells treated with HgCl 2.
Association of TF with PDI and increased TF coagulant activity following partial inhibition of PDI by siRNA in kerartinocytes was cited as the evidence for the contention that PDI regulates TF function by targeting the disulfide bond in the extracellular domain of TF. 24 PDI is multifunctional enzyme that can catalyze thio-disulfide oxidation, reduction and isomerization. 37 Although PDI is an ER protein, traces of PDI have been found on the surface of variety of cells. 27 Thus, in theory, it is possible that PDI could regulate disulfide isomerization of TF at the cell surface and switch TF from coagulation to cell signaling or vice versa based on local oxidative environment. However, analysis of PDI localization by a variety of techniques showed no evidence for the presence of PDI at the cell surface in our cell model systems, i.e., MDA 231 tumor cells, fibroblasts and HUVEC. All of them contained PDI in intracellular compartments, particularly in the ER compartment. Stimulation of cells with VIIa, thrombin and other agonists failed to relocalize PDI to the cell surface. Thus it is not surprising that we found no evidence for an association of TF with PDI at the cell surface. Neither was any evidence found that TF associates with PDI intracellularly although a substantial fraction of TF resides intracellularly. Even if there is undetectable amount of PDI present on cell surfaces in these cell types and this PDI associates with TF, the PDI levels would be far below the stoichiometric levels of TF, and would have no significant consequences on the status of the disulfide bond of TF. This raises a question about the feasibility of disulfide exchange mediated by PDI acting as a regulatory mechanism that controls TF activity and switching TF between coagulation and signaling. Our observation that inhibition of PDI by PDI neutralizing antibodies or gene silencing had no effect on either TF coagulant or signaling function adds further weight to this question. It had been reported earlier that PDI was required for the activating effect of Hg 2+ . However, our data clearly show that complete knock-out of PDI failed to diminish the activating effect of Hg 2+ , indicating that this effect is independent of PDI. This supports our conclusion that the increased anionic phospholipid and not the disulfide bond formation is responsible for the increased TF activity associated with Hg 2+ treatment. It is interesting to note here that while the present manuscript is in preparation Versteeg and Ruf 38 reported that the coagulant function of soluble TF was enhanced by purified PDI, and this enhancing effect of PDI was independent of its oxidoreductase activity. PDI had no effect on the procoagulant activity of soluble TF in the presence of phospholipids or full-length relipidated TF. Although our present studies were not aimed at examining the chaperone function of PDI, it may be pertinent to point out that recombinant PDI had no effect on the procoagulant activity of TF on cell surfaces.
Finally, the ability of TF mAB 10H10 to inhibit TF-VIIa signaling and not the coagulation activation was used as one of the evidences for the presence of two distinct pools of TF that differ conformationally with the cryptic TF being the form capable of functioning in cell signaling. Although this observation is consistent with the underlying hypothesis that TF on cell surface exists in two pools, cryptic and coagulant active TF, and they could possibly differ in their conformation, these data do not constitute evidence for that mAB 10H10 exclusively binds to cryptic TF or that the difference between cryptic and coagulant active TF is the disulfide bond. Here, it may be pertinent to point out that in our earlier binding studies, in which we quantitatively determined the number of TF sites on cell surfaces in fibroblasts, 30 tumor cells, 39 and other cell types (unpublished data) using radiolabeled VIIa or mAB 10H10, our data indicated a comparable number TF sites or a slightly higher number when using mAB 10H10. This suggests that mAB 10H10, as with VIIa, binds to both cryptic and coagulantly active TF.
The ability of mAB 10H10 to inhibit TF-VIIa signaling and not the coagulant activation could be explained simply by its ability to interfere with TF-VIIa interaction with PAR2. Unlike TF-VIIa activation of factors IX and X, TF-VIIa activation of PAR2 could be largely independent of negatively charged Overall our data leads inexorably to the conclusion that PDI plays no role in HgCl 2 -mediated TF activation and puts in question the validity of the recently proposed mechanism that PDI-dependent disulfide isomerization plays a critical role in regulating different functions of TF. TF-FVIIa coagulant activity was determined as described in Fig.1 legend. 
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